SUMMARY Evidence of cerebrovascular disease at autopsy was compared in 2 groups of men: 186 longtime residents of Hiroshima, Japan, and 253 men of Japanese ancestry long resident in Honolulu, Hawaii. They were 45 to 71 years-of-age at death.
The NI-HON-SAN project is a longitudinal study of cardiovascular disease in fixed cohorts of Japanese males living in the 3 study areas. The composition of and methods for selecting the study populations have been described in detail elsewhere. 10 The men in this study were born during the 20-year period 1900-19 with verified residence in either Hiroshima or Honolulu. They died between 1965 and 1971 (age range 45-71). There were 186 autopsies in Hiroshima and 253 in Honolulu that met these criteria and form the basis for this report.
Method
In Hiroshima, all brains removed at autopsy were stored in 10% buffered formalin after routine examination by the prosector. During 1972 the brains were reexamined and the findings on gross examination were recorded (LT or YM). Blocks of tissue for microscopic examination were taken from 12 areas (left frontal, motor and visual cortex, left cingulate gyrus, hippocampus and cerebellar hemisphere, the optic chiasm, midbrain, pons, medulla oblongata and 2 from the left basal ganglia) and additional sections were made of all grossly detected lesions in areas not included in the 12 specified. Histologic sections taken by the original autopsy prosector were reviewed to be certain that entire lesions had not been removed previously.
In Honolulu a similar procedure was followed for the examination of the brain and for taking tissue for histologic sections, but because storage space was not available, the examination and sectioning were accomplished within a few weeks after autopsy and additional tissue was not available for further study. In Honolulu one pathologist (TH) examined all cases after 1967. The circle of Willis and its major branches from 184 of the 186 Hiroshima autopsies and from the last 88 of the 253 Honolulu autopsies were dissected from the brain, attached to plastic sheets and stored in 10% formalin. 18 In 1972, these cerebral arteries were sent to the University of Minnesota School of Medicine. Following their regular procedure," Dr. Resch and his staff evaluated the degree of atherosclerosis (0 to 4 plus) at 22 separate sites. The results are usually reported as a total score (0 to 88), but for our purpose, the total was divided by the number of sites examined which provided a mean score (0 to 4.00) for each case.
Histologic sections were stained with hematoxylin and eosin. Three pathologists independently examined all histologic sections collected in the 2 cities. Computer printouts listed all conflicting diagnoses by histologic section and, subsequently, the 3 pathologists met, first in Honolulu and then in Hiroshima, to reexamine the histologic sections for which diagnoses and interpretations were not in agreement. A consensus was reached in all and used for final analysis.
The following definitions and interpretations were employed: Using Russell's criteria, 18 massive cerebral hemorrhage was defined as an area of hemorrhage 3.0 cm or more in diameter in the cerebrum or cerebellum and 1.5 cm or more in diameter in the brain stem. Smaller hemorrhages were recorded without attempting to differentiate between small cerebral hemorrhage and hemorrhagic infarction. Cerebral infarctions were defined as circumscribed areas of parenchymal necrosis due to ischemia. Hemorrhagic and anemic infarcts were not recorded separately. Lacunes were included as representing tiny areas of infarction 1 * but peripheral necroses of pseudolaminar type and focal recent necrosis less than 0.2 cm in diameter were excluded as possibly being nonischemic or agonal in origin. Infarcts were listed as recent or old, based on histologic findings. Sclerosis of intraparenchymal arteries was a histologic finding (figs. 1A-D) and included fibrinoid and hyaline was the relation of the specific lesions to each other and were these relations the same in the 2 cities?
Bias
The possibility of bias in the selection of autopsy material was a major concern. Autopsy procurement proceeded somewhat differently in the 2 cities. In Honolulu, consent for autopsy was obtained only by the private physician (except in medico-legal cases) without referral to this study. Clinical records and a history of the terminal illness were generally available. Several hospitals and the medical examiner collaborated with the study by sending the intact brain to one pathologist (TH) for examination. In Hiroshima, consent for autopsy was sought directly from the family by study personnel, and the autopsy was performed on the study premises. The decedents were all members of the Life Span Study sample, a fixed population of A-bomb survivors and nonexposed controls selected for the study of delayed radiation effects. A comparable medical examiner system was not used and, in most cases, medical records and history of terminal illness were not available. Evaluation of circle of Willis atherosclerosis was performed for almost all of the Hiroshima autopsies, but for only the last 88 Honolulu autopsies.
Of major importance for this analysis is whether these different methods of procurement led to an excess or deficit of stroke deaths in either of these autopsy series. As shown in table 1, the autopsy rate in Hiroshima was about 20% for each of the major causes of death, including stroke. The proportion of deaths due to stroke in the autopsy series is similar to that in the total series of deaths. In Honolulu, the probability of autopsy was slightly higher for patients dying from stroke than from other causes, leading to a slight over-representation of stroke in the autopsy series. Ischcmic heart disease deaths were slightly under-represented.
The distribution of autopsies in each city was compared for age at death within the entire cohort of deaths in that city and between cities (table 2). The autopsy rate was higher in Honolulu (27.4%) than in Hiroshima (21.9%). Approximately 70% of Hiroshima men in the entire cohort of deaths and in the autopsy cohort were over 60 years-of-age compared with 50% of the Honolulu men. With the exception of the small group below age 50 in Hiroshima, in neither city did the autopsy rate vary significantly by age.
In Honolulu, autopsies with and without an evaluation of the circle of Willis were compared and no significant difference in distribution was found for height, body weight, cerebral hemorrhage, cerebral infarct or intraparenchymal artery sclerosis. However, Honolulu subjects with circle of Willis evaluation, when compared with those without evaluation, were older (p < 0.01) and had lower heart weight (0.01 < p < 0.05), thus approaching the Hiroshima subjects in these categories.
Results
The distribution of autopsy subjects by height was almost identical for the 2 cities, but there was a highly significant difference in body and heart weight. The age-adjusted mean body weight was 45.0 kg for Hiroshima and 61.1 kg for Honolulu subjects, and the age-adjusted mean heart weight was 327.0 g for Hiroshima and 366.7 g for Honolulu subjects. Table 3 gives the frequency of massive and other all ages together p < 0.01. •Age-adjusted-performed with the direct method of adjustment using the combined population as the standard population. HJnly the largest infarct present is recorded.
•NS = not significant, *0.01<p <0.05, **p <0.01. cerebral hemorrhage, recent and old cerebral infarction, and intraparenchymal cerebral artery sclerosis by city. Since the Hiroshima sample was appreciably older and the frequency of these lesions was age related, tests of significance were made on ageadjusted values. Cerebral hemorrhage and recent cerebral infarction were no more frequent in one city than in the other. However, old infarcts and intraparenchymal artery sclerosis were significantly more frequent (p < 0.01) in subjects from Hiroshima.
Atheroslcerosis of the circle of Willis at death increased in severity with age. Although the trends with age were very similar in the 2 cities, the age-adjusted mean atherosclerosis score was significantly greater at all ages for Honolulu subjects ( fig. 2) . Cerebral infarction and intraparenchymal artery sclerosis also increased in frequency with advancing age. Although the slopes for these changes also did not differ significantly in the 2 cities, both cerebral infarction and intraparenchymal artery sclerosis were more frequent in Hiroshima subjects and at all ages, except for cerebral infarcts in the 50-54 year group (table 4) .
In each city greater amounts of circle of Willis atherosclerosis accompanied cerebral hemorrhage, old cerebral infarcts and intraparenchymal artery sclerosis than were found in the absence of these alterations ( dividuals with each of these lesions, Honolulu subjects had higher circle of Willis atherosclerosis scores. There was also a relation between the size of the cerebral infarct and the severity of atherosclerosis. In Hiroshima subjects this was true for the larger infarcts (> 1.0 cm), and in Honolulu for infarcts greater than 0.2 cm.
Cerebral hemorrhage, cerebral infarction and atherosclerosis of the circle of Willis were associated with increase in heart weight in each city (table 6). The frequency of intraparenchymal artery sclerosis did not vary significantly with heart weight in Hiroshima subjects, but did in the Honolulu autopsies. The degree of atherosclerosis in the circle of Willis was significantly more severe in Honolulu than in Hiroshima, but only among subjects with small or enlarged hearts.
Cerebral infarction was significantly more frequent in Hiroshima than Honolulu in subjects with hearts smaller than 400 g.
In both cities, the frequency of intraparenchymal artery sclerosis and cerebral infarction increased significantly as the severity of atherosclerosis of the circle of Willis increased (table 7) . In each case, the values were significantly greater in Hiroshima than in Honolulu subjects. In both cities cerebral hemorrhage and cerebral infarction increased significantly when intraparenchymal artery sclerosis was present (table 8) .
Discussion
In this study, we avoided the problems associated with allocating death certificate and autopsy cause of A11 data age-adjusted by direct method of age-adjustment using the combined population in the 2 cities as the standard population. Significance Tests-Inter-city differences indicated by asterisks on the Hiroshima data; (no asterisk indicates no significant inter-city difference). NS = not significant, *0.01 < p < 0.05, **p < 0.01.
death by recording only objective evidence of cerebrovascular disease; namely, extent of atherosclerosis of large extraparenchymal arteries (the circle of Willis and its major branches), sclerosis of intraparenchymal arteries, massive and other cerebral hemorrhages excluding those not due to cerebrovascular disease, and cerebral infarcts. Although not directly pertinent and not recorded in the data, we also noted the presence of massive subarachnoid hemorrhage (Hiroshima 1.6%, Honolulu 2%) and senile histologic changes (Hiroshima 17.7%, Honolulu 10.7%), and found no significant inter-city differences in the frequency of these changes. Four questions were listed as objectives of this study. Was there a selection bias among the study cases? In Hiroshima, exposure to radiation at the time of the bomb was known to produce central nervous system changes in fetuses exposed in utero, but no evidence of other central nervous system effect has been demonstrated. 26 ' 2e Consequently, the radiation experienced by some of the Hiroshima subjects may be disregarded. In other respects the autopsied subjects differed in the 2 cities, but these differences were due to divergences in population characteristics rather than to autopsy selection bias. A low frequency of cerebral infarct in Honolulu was found despite overselection of cerebrovascular disease deaths. Other differences between the decedents in the 2 cities are consistent with clinical findings.
12 ' " The body height was remarkably similar in the 2 cities, but in Honolulu, body weight was significantly greater, age at death younger, and heart weight heavier. There was significantly more severe coronary heart disease in Honolulu and more cerebral infarction in Horoshima subjects. Cancer was an equally frequent cause of death in the 2 cities. All of these findings suggest that the autopsy samples were representative of men from Hiroshima and Honolulu of similar age who died during the period of this study.
The second and third questions concerned the prevalence of objective evidence of cerebrovascular disease in the 2 autopsy cohorts. In age-adjusted comparisons, statistically significant inter-city differences were seen in the extent of atherosclerosis of the circle of Willis, the presence of intraparenchymal artery sclerosis and of cerebral infarcts, but not in the occurrence of cerebral hemorrhage. These inter-city differences were not only large but were also consistent when the samples were examined in a variety of ways. The scores for atherosclerosis of the circle of Willis were higher in subjects from Honolulu when compared by age at death, heart weight, presence of •All data age-adjusted by the direct method of age-adjustment using the combined population in the 2 cities as the standard population.
Significance tests-Inter-city differences are indicated by asterisks on Hiroshima data (no asterisk indicates no significant intercity difference). NS = not significant, *0.01 <p <0.05, **p <0.01. 11.2 48.9 24.9 ** CH = Cerebral hemorrhage. CI = Cerebral infarction. *A11 data age-adjusted by the direct method of age-adjustment using the combined population in the 2 cities as the standard population.
Significance tests-Inter-city differences are indicated by asterisks on Hiroshima data (no asterisk indicates no significant intercity difference).
*0.01 <p <0.05, **p old cerebral infarcts and intraparenchymal artery sclerosis. In contrast, both cerebral infarcts and intraparenchymal artery sclerosis were more frequently observed in subjects from Hiroshima. This dichotomy in the direction of change for atherosclerosis of the circle of Willis and intraparenchymal artery sclerosis was an outstanding feature in the comparison of the findings in the two cities. The fourth question concerned the relation of the specific lesions to each other. Evidently these alterations are interrelated but, for reasons not apparent, it appears that Japanese migrants to Honolulu are spared an appreciable risk of cerebral infarction through decreased frequency of intraparenchymal artery sclerosis despite high levels of major cerebral vessel atherosclerosis. The data are also consistent with the hypothesis that in Japanese men in Hiroshima, intraparenchymal artery sclerosis plays at least as great a role in the pathogenesis of cerebral infarction as does atherosclerosis of the major cerebral vessels.
